Cerebral palsy (CP) is the most frequent cause of mobility restriction and posture disturbance in childhood. Against the complexity in disease etiology, genetic factors, including Apolipoprotein E allelic distribution in this patient population, are worthy targets for investigation. ApoE is a lipoprotein of central nervous system encoded by ApoE gene with its 3 main co-dominant alleles, 2, 3 and 4. We aimed to evaluate the allelic frequencies of ApoE gene and its association with coexisting clinical entities such as vision and hearing impairment, cognitive problems, seizures and MRI findings in a pediatric patient population native to middle Anatolian region. Seventy-eight children with CP and 60 healthy controls were genotyped. Genotypic variations along with coexisting clinical conditions and CP-related medical findings were compared between the patient and control groups. The Denver Developmental Screening Test for all, the Wechsler Intelligence Scale for Children-IV (short form WISC-IV; Turkish version) for the patients >6y and the Stanford-Binet Intelligence Scale (SB-5) for those who aged 2-6 years old were employed to evaluate cognitive and mental abilities of the patients. ApoE 2 and 4 alleles were more frequent in the patient group (p<0.05), whereas ApoE 3 allele was more frequent in the healthy controls. ApoE 2/4 genotype has been determined 29% in the case group, but none in healthy control group. In the patient group with apolipoprotein 4 or 2 alleles, the rate of emergency cesarean section was found being significantly higher than the group with 3 allele. Brain MRI findings were not significantly different among ApoE allelic variants within the patient group. Our data show that the ApoE alleles may be effective in the development of cerebral palsy and may be associated with some clinical manifestations in those patients.
sequencing technologies, researchers affirmed that genetic variance might be underestimated in the propensity to have CP.10,11 What genetics factors are strongly associated with this debilitating disease are still of interest for many investigators including us. Although routine genetic testing is not recommended by published guidelines on diagnostic testing of CP, genetic studies in recent decades have mostly focused on determining copy number variants and single nucleotide differences in selected candidate genes between individuals for both attributing a genetic risk in children with CP, and to make phenotype-genotype correlation in different clinical outcomes observed in seriously and mildly affected patients. [11] [12] [13] ApoE is the core lipoprotein of central nervous system encoded by ApoE gene located on 19th chromosome. Three main co-dominant alleles, ԑ2, ԑ3 and ԑ4, which are designated by SNPs at positions 112 and 158, are present for the gene. It is known that ApoE within neuronal cells plays important roles in cell repair mechanisms, lipid homeostasis and neurotransmission. 14 In Alzheimer's disease, ApoE variants defined by certain nucleotide differences modulate the 3-dimentional structure of the protein, thus further mediating its functional attributes not just in brain development, but also in the recovery period of the developing brain after injury. 15, 16 There are many reports in the clinical literature making ApoE an important target in neurodevelopmental disease pathophysiology that its certain alleles have been associates with the degree of neurological involvement during the disease course. [17] [18] [19] Early exposure of the immature brain to outside environment has been known to alter gene expression profile and brain structural development critically. 20, 21 After neurological stress factors like traumatic brain injury and hypoxia/ischemia, however, neurodevelopmental outcome has been found to be associated with ApoE alleles. [22] [23] [24] Due to their potential effects in immature brain with various functions on neuronal repair and neuro-inflammation, those variants have been considered worthy for investigation in CP etiology. On the other hand, studies exist with inconclusive data remaining the relationship between CP and the certain ApoE alleles tenuous. In children with CP, clinical observations have been proposed suggesting an unfavorable phenotypic effect regarding the ApoE ԑ4 allele and a protective effect of the ApoE ԑ2 and ԑ3 alleles. 25, 26 On the contrary, negative effects of the ԑ4 allele has not been proven with subsequent studies in CP children. 27 In the current study, we aimed to readdress ApoE allelic variants and their role in CP etiology in a small Turkish cohort of CP patients in the light of demographic patient data, perinatal variables, CP-accompanying clinical conditions and neuroimaging findings.
Material and Methods

Study Population and Exclusion Criteria
The study recruited 78 children clinically diagnosed with CP, and 60 sex-and age-matched control participants with no known neurologic disorder who applied to the child neurology outpatient clinic at Eskisehir Osmangazi University. Parents of all participants were given detailed information about the study, and CP evaluation questionnaires were applied (supplementary material). Informed consent was taken from the parents of the patients and the controls.
The diagnosis of CP was achieved clinically by an experienced child neurologist. 28 Children with known genetic syndrome, chromosomal abnormality, clinically determined hypotonia, myopathy, and ataxia were excluded. All procedures were reviewed and approved by the Institutional Ethics Committee of the Eskisehir Osmangazi University according to the principles of the Declaration of Helsinki (2014-629).
Variables
In the clinical evaluation of CP, gross motor functions including extent of intentional movements, posture and the requirement of mobility assistance are among the most important criteria. Diagnosis and clinical surveillance have been made depending on the level of gross motor functions and related scale. Prognosis depends not just on the gross motor skills and posture affected, but also on the concomitant factors in disease surveillance.
According to the guidelines released by the network for the Surveillance of Cerebral Palsy in Europe (SCPE), CP is categorized under 4 main types as spastic unilateral, spastic bilateral, dyskinetic and ataxic along with unclassified or mixed type. 29 The Gross Motor Function Classification System (GMFCS) 30 is one of the most convenient scales to evaluate functionality in CP under 5 levels in which the disease severity is related to higher numbers.
Mode and time of delivery, the presence of microcephaly, birth weight, MRI findings, eye problems and other variables included in CP evaluation form (Supp. 1) are also evaluated along with the above main parameters and genotype.
Neurocognitive Evaluation and Brain Imaging
The Denver Developmental Screening Test for all, The Wechsler Intelligence Scale for Children-IV (short form WISC-IV; Turkish version) for the patients >6y 31 and The Stanford-Binet Intelligence Scale (SB-5) for those who were aged 2-6 years old 32 were employed to evaluate cognitive and mental abilities of the patients.
MRI scans were performed on all children suspected with CP at the first admittance (Siemens Magnetom, 1.5 T, Siemens Healthcare, Germany). First MRI images, performed either in our hospital or any referring medical center, were attained from the medical records of the patients.
Genotyping
Venous blood samples were taken from patients and healthy controls, and genomic DNA extraction was carried out from 200 ml of human whole blood by use of a commercially available DNA isolation kits in an automated extraction system from the same manufacturer (MagNA Pure Compact, Roche Diagnostics GmbH). DNA concentration and quality were assessed spectrophotometrically (NanoDrop, Thermo Fisher, US), and DNA isolates were stored at -20 until analysis.
A p o E g e n o t y p i n g w a s p e r f o r m e d v i a commercially available mutation detection kit (ApoE Mutation Detection Kit, LightCycler, Roche Diagnostics) by melting curve analysis via real-time PCR on a LightCycler Instrument (Roche Diagnostics) according to the method described by the manufacturer. In brief, hybridization probes specific for ApoE allelic variants (codon 112 and codon 158) in ApoE target amplicon were employed to discriminate three main genotypes in the basis of a difference in acquired melting curves during annealing phase. The method relies on a fluorescence resonance energy transfer system, and the genotypes, heterozygous or homozygous for each single nucleotide polymorphism, are attributed according to the certain melting temperatures (Tm) amplicons have.
Statistics
T h e c a t e g o r i c a l v a r i a b l e s i n c l u d i n g sociodemographic characteristics were evaluated by Chi-Square tests, and the results were presented as frequency and percentage. Continuous variables were evaluated using Student t-test, and the results were displayed as median (Q1-Q3) or mean ±standard deviation (SD 
Results
The participants were evaluated for gender, age of mother at delivery, birth weight, head circumference at birth, current head circumference, findings related to perinatal Table I indicate that there were no significant differences between the patients with CP and controls regarding gender and median age. Median age for the patients group was 6 years, and the median age for the control group was 5 years. Median age of CP diagnosis for the patients was also 6 years old. Age of mother at delivery, gestational age, birth weight, atbirth and current head circumferences are displayed in Table I . Birth weight and head circumferences differed significantly between the patient and the control groups. Children with a birth weight below 2000 g had a 6.4 times higher risk for CP when compared to those with a birth weight over 3500 g (95% CI: 2.02-20.25).
We observed that term children born after 37 weeks of gestation displayed decreased frequency of vision related problems (c2=6.26; df:2; p=0.044).When we divide all infants into two groups based on their gestational age set to 37 weeks, prematurely born children displayed a slightly significant association with certain ApoE allele, ApoE4 (p=0.048; df:2; c2:6.09).
When coexisting clinical entities displayed byCP patients were evaluated only the rate of speech disorders and hearing impairment significantly increased with advancing GMFCS levels (p=0.036)
MRI findings in the case group consisted of periventricular leukomalacia with the rate of 65.4%, cerebral atrophy with 14.1%, cortical dysplasia with 14.1% and myelination problem with 5.1% (Table II) . Due to low representation of individuals for each allelic group, statistical calculation could not be performed. It was interesting to see that Apo ԑ3 group, commonly considered as the native allele, was the only one displaying myelination problems in MRI (TableII).
Genotyping data were assessed and the distribution of ApoE alleles and genotypes in the study population was displayed in the table (TableIII). Observed allele frequencies were found to be in Hardy-Weinberg equilibrium. The distribution of ApoE alleles ԑ2, ԑ3 and ԑ4 was statistically significant between the control and patient groups (c2=9.31; df=2; p=0.002). Observed odds ratios of ApoE ԑ2 and ApoE ԑ3 alleles were 2.64 and 3.27, respectively. Strikingly, possession of the ApoE ԑ4 allelic variant was associated with a 14.5 times higher risk for CP in comparision to those possessing a different allele.
ApoE allelic variants did not exhibit statistically significant difference with GMFCS levels (Suppl.
2), clinical entities accompanying CP (Table  IV) , CP subtypes (Table V) and neuroimaging findings (Table II) (Table  IV) .
Discussion
Cerebral palsy is a nonprogressive but changeable posture and movement disorder characterized with persistent, activity-restricting loss of motor functions caused by damage to the developing brain. A number of studies with large population size reported spastic CP as the most common type worldwide with the rates between 89-94%. 33, 34 Spastic type constitutes 96% of the patients with CP as coherent with the literature. Among those, spastic bilateral is the leading type of the spastic group commonly seen in the patients according to the classification recommended by SCPE. 33 In a study from Denmark, Toppet al. 23 reported the most common type of CP as spastic bilateral type with a ratio of 65%. Ipek et al. 36 reported national data on CP types defining spastic bilateral CP as the most prevalent type with 67%.Consistent with those data, our study reported the most common type of CP with the ratio of 64% as spastic bilateral type.
The male to female ratio of patients with CP in the study was 1.36, this incidence rate is similar to the literature indicating prevalent nature of CP in males regionally. Although there is no clear evidence indicating an effect of gender on clinical severity and prognosis of CP, male sex is imposing a higher risk to have CP especially in preterm infants. 37, 38 Attributed high risk for male fetal sex seem to be related to the fact that spontaneous prematurity occurs more frequently in males regardless of membrane integrity in Europe. 39 Birth weight is an important modifier in predicting CP risk, since low birth weight is associated with increased risk for CP.40Instead of determining a pediatric norm of 2500 g for the cut-off value for low birth weight, this study set the value as 2000 g, which is the average weight of infants in the moderately low birth weight group, this is similar to the study conducted by Wu et al. 41 In studies from Norway, Scotland and Iceland, 47-56% of CP patients have low birth weight. 42, 43 In this study, patients with low birth weight constituted 41% of the all patients, which is a relatively lower rate when compared to the literature. For the study, a lower cut-off value could be predetermined, but we used this cutoff limit to eliminate the bias brought to the study due to patient stratification during the application process. A group of our patients represent advanced stage CP cases requiring advanced surveillance and support with critical problems at birth.
Microcephaly is an expected outcome for CP when the patients with CP have been investigated for brain development. 44 In the literature, Kuroda et al. 45 reported microcephaly as 21% in their study. In concordance with the national literature, 31% of our patient population was born with microcephaly.
Seizures are among crucial symptoms frequently seen in CP patients with a ratio of 15-60%. 46 In a study with a relatively small sample size, seizures were reported in more than 80% of the patients with CP. 47 Zaferiouet al. 48 defined epilepsy in slightly over than 36% of the patients in CP group as overall incidence regardless of the level of extremity paralysis. 48 We defined convulsive attacks as those that occurred at any period during follow-up and the prevalence was 62% in this study, which is considered in the high range of the literature.
Reports from the literature display a trend in increasing epilepsy rates in the patients with CP having increased paralysis state. 46, 48 Language and vision problems as well as hearing impairment are quite common in patients with CP due to the defects in neurodevelopment.
The percentage of problems in language and hearing has been reported as 54% of CP patients in this study, which is consistent with the literature giving the same range between 28-60%. 49 Diagnosis and treatment of visionrelated problems are of importance due to favorable effects and direct impact of normal vision on the routine activities of children with CP in daily life and the success rate from special education and rehabilitation programs, respectively. 50 Vision problems are present in a range of 10-50% of the CP patients in literature. Singhiet al. 51 reported any vision problem in 41% of their patients. We report here that vision problems were present in 39% of the patients recruited in this study.
Learning difficulties and behavioral problems are more common in this group of children in comparison to those in the normal population with a prevalence of about 25%. 52 In the patient group on which we have conducted our study, behavioral and learning problems constitute 53% of all patients. Increased rate of those problems in our study group could be explained by the small population size, complicated patients referred for advanced medical care to our institution and relatively insufficient rehabilitation programs offered to the patients.
Asphyxia is known as the most critical factor for development of CP especially during the perinatal-period. Various studies originated in Turkey have shown that roughly one third of patients with CP have asphyxia in retrieved medical histories. Ones et al. 34 found that 41% of CP patients had asphyxia, while Erkin et al. 5 reported the same parameter as 35% in their study conducted on 625 cases with CP. In this study, 30% of the patients have a history of asphyxia, which is lower than expected. It could be speculated that improved pregnancy care in perinatal period and advanced technology enabled to have ameliorated rates of asphyxia and related complications in recent years. 2 Brain MRI is the most beneficial imaging tool commonly used in order to evaluate brain structure as well as to search for etiological factors in CP. Many clinical studies conducted in children with CP showed that at least one pathological finding exists in 75-93% of acquired brain MRI. 52, 53 We have reported this rate as 98% in the current study, which is quite high when compared to the literature. High rate of the presence of an abnormal finding in brain MRI could be explained with our patient profile mostly represented by spastic type CP, a group of patients mostly accompanied by brain changes in MRI. Frequently seen pathologies diagnosed by MRI in CP are periventricular leukomalacia (PVL) at most and cerebral atrophy. 54 In parallel with the literature, we described PVL and cerebral atrophy as the leading positive findings in the patients. Interestingly, Towsleyet al. 55 reported positive correlation between GMFCS levels of the patients with CP and MRI findings. We did not determine any correlation between MRI findings and GMCSF levels of the children with CP. In this study, the most common MRI lesion for all GMCSF levels in the patients was PVL. Subjective criteria exist in evaluation of patients with CP based on gross motor functions, and GMFCS categorization works depending on those findings attained by medical evaluation. Thus, it is quite difficult to reach a consensus among different institutions on GMFCS classification. It is still quite necessary and critical for physicians to employ GMFCS categories for better surveillance of patients with CP. Evaluation and clinical classification of functional conditions of the patients with CP on the basis of GMFCS are of importance for both providing better medical surveillance and planning necessary supportive approaches. Andersen et al. 42 reported that 28% of the patients were at levels 4 and 5. Based on the gross motor functions, 27% of the patients were at GMFCS levels 1, 2 and 3, 73% were at levels 4 and 5 in this study, a significantly high rate for that level. There are many factors that may have had apotential impact on this impressive result. Referral of the complicated patients to our institution, a university hospital, and insufficient care in physical therapy given to those patients due to regional difficulties could be primary reasons.
ApoE is one of the main apolipoproteins of central neuronal system playing important roles in neurobiology. In several studies conducted in different populations, association was shown between ԑ2 allele and CP. 56, 57 In those studies, it was also reported that normal birth weight introduced protective effect in children against CP with an odds ratio of 4-10. In the current study, data displayed that normal birth weight is protective for 6.4 times against CP development which is coherence with the literature. The lack of an association between CP subtypes and ApoE genotypes was reported in a number of studies as well. 56, 58 The results of our study suggested that there was no significant association between CP subtypes and ApoE genotypes as well. To be noted here, our data is informative only for the most frequently represented CP subtypes in the study including spastic unilateral or bilateral CP.
Between the ApoE ԑ4 allele and CP, the existence of an association was defined in many studies. 48, 59 Moreover, Kuroda et al. 48 reported that there is an association between CP and both the ԑ2 and ԑ4 alleles.In their study, 209 CP patients and 209 sex-and age-matched healthy controls were evaluated, and genotyping data suggested that ԑ4 allele render 3.4 times and higher risk for CP to those possessing it. Our study revealed that the ԑ2 allele elevates CP risk slightly, whereas ԑ4 allele increases the disease risk about 3 times. A similar trend was seen with the ԑ4 allele carriers in those populations.
Relatively lower odds ratio determined in this study could be due to population characteristics regarding the ԑ2 allele distribution. Another study that determined no association between ApoE alleles and CP risk was conducted by McMicheal et al., 60 additionally reporting an association between ԑ2 allele and low birth weight as well as prematurity.
Disturbance in neurobehavioral functions and brain healing process along with reduced ischemia tolerance have all been implicated with possessing the ApoE ԑ4 allele in a number of studies. 27, 61 Interestingly, against poor prognosis and unfavorable clinical outcome stemmed from ԑ4 allele, some studies suggest that having the ApoE ԑ3 allele renders favorable response to traumatic and hypoxic injury in developing brain. 62 In conjunction with those studies, two recent studies conducted by Lien et al. 63, 64 reported that the ApoEԑ4 allele was associated with CP and its clinical surveillance along with poor prognosis in children. In another study from the same group, no association was determined between the ApoE alleles and GMFCS levels. 25 Accordingly, we did not find any association between the ApoE allelic variants and GMFCS levels in the patients with CP.
We e v a l u a t e d A p o E a l l e l e s a n d t h e i r association with the most relevant variables in clinical surveillance of patients with CP including GMFCS levels, perinatal events such as asphyxia, meconium aspiration and preeclampsia, postnatal coexisting conditions involving convulsions, speech and hearing problems and newborn parameters along with mother's gestational history in the current study. The main limitations of the study are relatively small sample size recruited in the study, employment of a case-control setting, which renders data open to population stratification, and possible but predictable stratification in patient sampling owing to the hospital setting, that is being a tertiary referral hospital increases the rate of complicated cases applied and more severe disease progress requiring advanced patient care. All study participants have a shared origin of Caucasians native to middle Anatolia suggesting regioncentric frequency of target alleles. Further studies with larger sample cohort from the same geographical region are required to validate these results. Another critical point is related to the heterogeneous nature of CP regarding various pathophysiological factors involving genetic, environmental and unknown variables residing at the background. In the current study, ApoE alleles have been selected to be tested but many other genetic factors, either concomitantly as individual modifiers or together as haplotypes may be involved in the clinical scenario. In central Anatolia, ApoE ε4 represents the risk allele to have CP in study population formed of the patients with GMFCS level 5 in majority represented with leading MRI finding of PVL, but GMFCS level and ApoE allele did not show any association. ApoE ԑ2/ԑ4 genotype was not represented in the control group. Those study outcomes need to be affirmed in further studies with recruitment of larger, independent study participants.
